The Malondialdehyde activity was increased significantly (60.93%) in drought treatment (8.61 ± 1 4 4 0.25 nmol g -1 ) compared to control (5.35 ± 0.21 nmol g -1 ). A significant increase was observed in drought responsive grapevine leaves in comparison with control (Table 1 ). In transcriptomic 1 4 7 analysis, one NADPH respiratory oxidase and five amine oxidases functioning in the ROS 1 4 8 synthesis process were significantly up-regulated in drought treated grapevine leaf samples. In 1 4 9
ROS scavenging system, 60 DEGs were identified that were categorized into Fe superoxide 1 5 0 dismutase (2 transcripts), peroxidase (6 transcripts), catalase (3 transcripts), glutathione-1 5 1 ascarbate cycle ( 9 transcripts), glutathione peroxidase (1 transcript), glutathione S-transferaze 1 5 2 1 7 0 control sample was recorded to be 1.671 ± 0.02, and 1.53 ± 0.02 ng g -1 FW, respectively. Alike 1 7 1 brassinosteroid also showed 1.091 ± 0.01, and 1.073 ± 0.01 ng g -1 FW for drought and control (3 up-regulated) being crucial to ET, five ethylene response factor (down-regulated) and three 1 9 0 ACC oxidases (up-regulated) were perceived grapevine leaf tissue responding drought stress. In BRs, two transcripts related to BRASSINOSTEROID INSENSITIVE1 (up-regulated), ten 1 9 2 (down-regulated) brassinosteroid-regulated proteins (BRU1) and 9 (down-regulated) D-type 1 9 3 cyclins were functioning in plant hormone signal transduction pathway under drought stress 1 9 4 conditions (Supplementary: Table S8 ). The proline level showed significant increase in grapevine leaves responding to drought stress 1 9 7
(1.711 ± 0.05 ng g -1 FW) as compared with control plant leaves (1.624 ± 0.04 ng g -1 FW; Table   1 9 8 1). In transcriptomic analysis, a total of 18 DEGs, including pyroline-5-carboxylate synthetase , 1 9 9 proline dehydrogenase, Proline methyltransferase -Glutamyl kinase, Glutamic--semialdehye 2 0 0 dehydrogenase, Pyrroline-5-carboxyate dehydrogenase, Prolyl hydroxylase (4 transcripts), 2 0 1 Acetyl-CoA: glutamate N-acetyl transferase 2 transcripts), N-Acetylglutamate kinase, Acetyl 2 0 2 glutamic--semialdehyde dehydrogenase, Acetyl ornithine aminotransferase, Acetyl ornithine Table S9 ). In transcriptomic study, 73 secondary metabolites related genes linked with shikimate acid (9), 2 0 8 alkaloid (2), anthocyanin (33), lignin (21) and terpenoid (8) were recognized under drought 2 0 9 treated grapevine leaves. indole-3-glycerol phosphate synthase (IGPS) and tryptophan synthase beta chain 1 (TS1), 2 1 5 respectively All SA genes have moderate transcript abundance. In alkaloid biosynthetic pathway, genes related to strictosidine synthase 3 and D-amino-acid 2 1 7 transaminase were down-regulated . Out of 33 genes in anthocyanin biosynthesis, 8 genes glucosyltransferase 2 (down-regulated) were observed, (Table 4, Figure 5 , Supplementary: Table   2 2 5 S10). In grapevine transcriptome, 21 differentially expressed genes were identified in lignin 2 2 7 biosynthesis, which were involved in the drought stress. It includes; 9 up-regulated genes related Table S10 ). The results revealed that 48 DEGs were identified in HSPs, including one HSP101 (down- HSP90s and HSP70s were also found to be up-regulated in our findings. One up-regulated Table S11 ).
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In this study, 72 transcripts were identified as differentially-expressed genes, including ten proteins (6 up, 6 down-regulated) were also recorded from this study ( Table S11 ). In order to investigate the accuracy and reproducibility, 16 DEGs were selected from RNA-Seq Table S12 . Drought stress suppresses the plant growth by inhibiting many physiological processes of plants. activity of key enzymes such as, HemA (Glutamyl-tRNA reductase 1) and CHLH (Magnesium chlorophyllide a oxygenase (CAO) 20 , whose activity was also decreased under drought stress, is catalyzed by chlorophyll(ide) b reductase NYC1 (CBR) and its activity was up-regulated, 2 9 0
suggesting that chl cycle process was also suppressed by the drought treatment 21 . Furthermore, Meantime, the photosynthetic activity, stomatal conductance and CO 2 assimilation rate was 2 9 6 significantly decreased in grapevine leaves under drought stress as compared to control. Similar 2 9 7
findings have also been reported in grapevine under Cu and drought stresses 26, 27 . Moreover, the : Table S6 ). Perhaps, PsaB is regarded as the heart of PSI that binds P700 special metabolic process, and the decline in photosynthesis process was connected with the chlorophyll 3 1 0 degradation. have the ability to accumulate the level of antioxidative enzymes to confer the severity of showed that, one NADPH oxidase and five amine oxidases were significantly up-regulated, drought-stress, which is consistent with the ROS scavenging system investigated in the V. transcriptomic findings present the broad spectra to understand their role at cellular level in 3 3 0 response to drought stress. signaling together with ABA and other hormones have been extensively studied in many crops. suggested that this gene produces a dwarf phenotype with enhanced tolerance against drought 3 6 5 stress. BR signal transduction, from cell surface perception to activation of specific nuclear 3 6 6 genes will be interesting to investigate in the future. Plants cope with environmental stress by the accumulation of certain compatible osmolytes such 3 6 8
as, proline, which is known to confer the drought tolerance in plants 51 and up-regulation of all 3 6 9
the genes related to proline metabolism is the clear evidence of grapevine tolerance in our study. (P5CR) enzyme 51,52 . In proline degradation pathway, proline is re-converted into P5C by Proline regulate the gene expression during the drought stress. up-regulated in our findings. The down-regulation of most of the genes related to anthocyanin, 3 9 7
lignin and terpenoid biosynthesis have elucidated the negative role of drought stress on 3 9 8 accumulation of secondary metabolites in grapevine leaves. HSPs are ubiquitous stress-related proteins that act as molecular chaperone, HSP members Our results have provided substantial evidences to demonstrate that grapevine adaptation to 4 1 6 drought stress is a multistep component system consisting of several genes that regulates various under various pathways in response to drought stress. The significant increase in the activity of to mitigate the drought severity. Two-year old grapevine (V. vinifera cv. 'Summer Black') pot grown plants were selected as 4 2 7
experimental material which were grown in standard greenhouse condition (25 ± 5°C) immediately put in liquid nitrogen and then stored at −80°C until analysis. The chlorophyll a and b contents was determined using spectrophotometer at 663 and 645 4 3 7 nm, respectively as briefly explained by Leng et al. (2015) . Photosynthesis activity, 4 3 8 stomatal conductance and CO 2 assimilation rate were carried out on mature leaf between 4 th 4 3 9
to 7 th nodes from the shoot base for both control and drought treatment; between 9:00 -4 4 0 11:00 AM measured using LI-COR (LI-6400XT, Germany) meter as described by Tombesi After adaptor trimming and quality trimming, the clean reads were mapped to the V. replicates were generated and three measurements were performed on each replicate. polyphenols, and volatile metabolites in grapevine leaves (Vitis vinifera cv. Pinot noir).
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